The total X-ray attenuation coefficients in elements Zr, Ag, and In for K α , a n d K β c h a r a c t e r i s t i c l i n e s o f e l e m e n t s w i t h d i f f e r e n t Z ( 3 3 < Z < 9 2 ) were estimated by measuring attenuation in transmission method. The intensity of K X-rays was monitored by a Ge(Li) detector with energy resolution 190 eV at 5.9 keV. The experimentally measured attenuation coefficients were found in good agreement with the theoretical values of attenuation coefficients calculated by Storm, Israel and Hubbell, Seltzer.
l. Introduction
For many X-ray based techniques the knowledge of X-ray attenuation coefficients is an effectual value limiting the precision of the method. The total attenuation coefficients are important atomic data of interest both in fundamental physics and in many applied fields. The experimental measurements of the totah attenuation coefficients have been performed by several investigators [1] [2] [3] . A great number of experimental data have been obtained in a wide energy range and tabulated in publications [4] . We measured total attenuation coefficients in Ti, Fe, Ni, Zn for X-ray energy region between 4.5-111.9 keV [5] . Theoretical values of the total attenuation coefficients were calculated and tabulated [6, 7] . Certain discrepancies in currently available experimental data have caused an upsurge of interest in precise total attenuation coefficients measurements.
The present work describes the determination of the total attenuation coefficients in Zr, Ag, and In for X-ray energy region between 10.5-111.9 keV by using transmission method.
Experimental
The X-ray total attenuation coefficients were determined by measuring transmission of the fluorescent K characteristic lines with known energy through targets of known thickness. The experimental arrangement is shown in Fig. 1 . Secondary targets of elements with different Z (33 < Z < 92) were irradiated, in turn, with (693) 59.57 keV gamma rays from 241 Am source (for Z < 65 elements) and 122 keV gamma rays from 10 mCi 57 Co sources (for Z > 65 elements). The emitted K fluorescent X-rays were collimated by the lead collimator shielded with aluminium and iron to fall on the absorbers of Zr, Ag, and In cut from their high purity (99.00-99.99%) foils. The thicknesses of the absorbers were 25 μm. This thickness, t, satisfies the condition μ < 1, where μ is an attenuation coefficient. Thus, effects of multi-scattered photons in the targets were reduced. To minimise the effect of small-angle scattering in the absorber, the transmitted K X-rays were further collimated by the lead collimator shielded with aluminium and iron and counted using a Ge(Li) detector with energy resolution 190 eV at 5.9 keV. A typical spectrum is given in Fig. 2 .
Spectra were recorded with and without the absorber for different energies of K fluorescent lines. For some target-absorber combinations used in the present measurements (e.g. Zr target, Zr absorber) the target and absorber spectra overlap. The fluorescent X-rays produced in the absorber by the 59.57 keV gamma rays scattered from the secondary target were also counted together with the sec-ondary target fluorescent X-rays transmitted through the absorber. The measured attenuation coefficients therefore need to be corrected for the contribution to the absorber fluorescent intensity of the X-rays produced by gamma rays scattered from the target. This contribution was measured experimentally by replacing the experimental target with equivalent Al target which does not produce characteristic fluorescent lines in this range of energy, only scatter radiation and spectra were corrected for this contribution. Average energies for K and Kβ characteristic lines of elements were taken from Storm and Israel [6] .
The counts for the measurements of each X-ray group were taken in the following sequence: no absorber (Ι ), absorber (I). In an ideal transmission experiment, the photon once scattered in the absorber, even at very small angle, should not be detected. We assumed that in the experimental arrangement we satisfied this condition.
Total linear attenuation coefficients (μl ) [cm-1] of elements were calculated from the following equation obtained from Ι = Ι0 exp(-μlt):
where t (cm) is the thickness of target; Ι and I0 are areas under the peak for the absorber and no absorber respectively.
Total attenuation coefficients σT (barns/atom) were calculated by using the total linear attenuation coefficients from the following equation:
where μl are total linear attenuation coefficients in cm -1 ; p (g/cm3) is the density of element; μ l /p are the mass attenuation coeffIcients in cm2/g, Μ is the atomic mass of element and N0 is the Avogadro number. N0 /Μ describes numbers of atoms per gram. 1024 factor comes from 1 barn equal to 10 -24 cm2 .
Results and discussion
The experimental values of the total attenuation coefficients are listed together with the theoretical values of Storm and Israel [6] and Hubbell and Seltzer [7] in Table. These values were presented in Figs. 3-5 . The uncertainties in the values of the total attenuation coeffIcients are estimated approximately < 5%. These are due to counting statistics < 1%, thickness determination < 1%, scattering contribution < 2% and peak area determination < 1%. As shown in Table and Figs. 3-5, our experimental values are in good agreement with the theoretical values.
